Objective: Oxidative stress is increased in patients with acute myocardial infarction (AMI). Statins reduce oxidative stress independent of their effect in reducing low-density lipoprotein cholesterol (LDL-C). The aim of the present study was to compare the effects of atorvastatin and rosuvastatin on oxidative status by investigating serum paraoxonase, serum arylesterase, total oxidant status, total antioxidant status (TAS) and oxidative stress index (OSI) in patients with AMI.
O xidative stress is a condition in which reactive oxygen species (ROS) exert toxic effect as result of increased production or altered mechanism of protection. [1] Ischemic and reperfusion injury in acute myocardial infarction (AMI) is a consequence of oxidative stress and may lead to myocardial necrosis. In addition to reperfusion therapies, treatment options to reduce oxidative stress are needed to prevent oxidative stress-related myocardial injury in AMI.
Statins have been shown to reduce the incidence of cardiovascular (CV) events and to reduce all-cause mortality in patients with AMI in multiple large trials. They are highly effective at reducing plasma level of low-density lipoprotein cholesterol (LDL-C) and most statins have modest (about 5%) high-density lipoprotein cholesterol (HDL-C)-raising properties, especially rosuvastatin. Mechanisms of benefit seen with statins are not completely understood and benefits cannot be explained with just effects on lipids. Beneficial effect of statins on CV risk also occurs in persons with normal plasma cholesterol levels due to pleiotropic cholesterol-independent activities of statins. Reduction of oxidative stress is one of the proposed pleiotropic effects of statins. Statins decrease vascular ROS production independent of cholesterol reduction. [2] Not only do statins reduce generation of ROS, but they also inhibit respiratory burst of phagocytes, antagonize pro-oxidant effect of angiotensin II and endothelin-1, and increase synthesis of vascular nitric oxide. Furthermore, some statins and their metabolites have direct free radical scavenging activity. [3] Therefore, all patients with AMI should receive longterm, intensive lipid-lowering therapy with a statin. [4] Studies comparing effects of statins on oxidative stress after AMI are limited. The aim of the present study was to compare effects of atorvastatin and rosuvastatin on oxidative status in patients with AMI treated with primary percutaneous coronary intervention (PCI).
METHODS

Study population
The study was a prospective, randomized, open-label study conducted with 70 patients with AMI. Patients with non-ST-segment elevation AMI and those with ST-segment elevation AMI who received successful primary catheter-based intervention initiated within 12 hours of symptom onset were eligible to join the study.
Combination of criteria was required to meet diagnosis of AMI. Detection of increase of highsensitivity cardiac troponin above 99th percentile of upper reference limit and at least 1 of the following: (1) symptoms of ischemia, (2) new or presumed new significant ST-T wave changes on 12-lead electrocardiogram, or (3) intracoronary thrombus detected on angiography. All patients had type 1 (spontaneous) MI according to universal classification of MI. [5] Exclusion criteria were treatment with statin or any other lipid-lowering agent within prior 6 months, previous side-effects with statin use, uncontrolled diabetes mellitus (glycated hemoglobin >7%), hepatic dysfunction (persistent elevation of aminotransferases in serum >3 times upper normal limit) or severe renal impairment (creatinine clearance <30 mL/minute), acute infectious disease, cardiogenic shock or resuscitation on admission, and homozygote familial hypercholesterolemia. Eligible patients were equally randomized for treatment with atorvastatin (80 mg) or rosuvastatin (40 mg) for 4 weeks (Figure 1 ). Four-week study period was chosen since in many studies, lipid-lowering, anti-inflammatory and antioxidant effects of statins were observed after 4 weeks of treatment. [6] [7] [8] First dose of statin was given immediately after successful primary PCI. Patients were informed about side effects that might occur due to statins and other medications, and were told to contact the physician in event of side effect occurrence. In addition to statin therapy, acetyl salicylic acid, clopidogrel or ticagrelor, anticoagulants, beta-blockers, and angiotensin converting enzyme inhibitors/angiotensin receptor blockers were prescribed for all eligible patients as recommended by recent guidelines. [4] All patients received dietary education from experienced dietician before discharge. Dietary recommendations were as follows: (1) total calories calculated to maintain or attain healthy body weight (body mass index <25 kg/m 2 ), (2) saturated fat intake limited to maximum of 10% of energy and intake of trans fatty acids limited to maximum 1% of 
Blood sample collection
Venous blood samples were collected in evacuated serum separator clot activator tube (Vacuette Z Serum Sep Clot Activator; GreinerBio-One GmbH, Kremsmunster, Austria) for biochemical analyses and 2.0 mL dipotassium ethylene diamine tetra-acetic acid vacuum tube (BD Vacuteiner; Becton, Dickinson and Company, Franklin Lakes, NJ, USA) for complete blood cell count. Blood samples were centrifuged at 1500 g for 15 minutes within 1 hour of collection to obtain serum samples. Serum samples were aliquoted into polystyrene tubes, and aliquots were stored at -80°C until total antioxidant status (TAS), total oxidant status (TOS), serum paraoxonase/arylesterase 1 (PON-1), and arylesterase (ARE) levels were measured. The investigator executing biochemical analyses was blinded to the randomization.
Measurement of serum total antioxidant status levels
Serum TAS levels were measured using Beckman Coulter AU680 instrument (Beckman Coulter, Inc., Brea, CA, USA) with commercial reagents (Rel Assay Diagnostics, Gaziantep, Turkey). Method was based on novel automated measurement methods developed by Erel. [9] In this method, antioxidant molecules in the sample decolorize 2,2'-azino-bis (3-ethylbenzothiazoline-6-sulfonic acid) cationic radical. Decolorization rate is proportional to quantity of antioxidant molecules present. Trolox (F. Hoffmann-La Roche AG, Basel, Switzerland), a vitamin E analog, was used as calibrator. Results of assay were expressed in terms of millimolar Trolox equivalent per liter (mmol Trolox Eq/L).
Measurement of serum total oxidant status levels
Serum TOS level was measured with Beckman Coulter AU680 instrument and commercial reagents using novel automated measurement methods developed by Erel. [10] Oxidants present in the sample oxidize ferrousion-o-dianisidine complex to ferric ion, and glycerol molecules that are abundantly present in the reaction medium enhance the oxidation reaction. Ferric ion produces a complex colored with xylenol orange in an acidic medium. Color intensity is related to number of oxidant molecules present in the sample. Hydrogen peroxide was used to calibrate the assay and results were expressed in terms of micromolar hydrogen peroxide equivalent per liter (μmol H 2 O 2 Eq/L).
Calculation of oxidative stress index
Percent ratio of TOS to TAS was accepted as oxidative stress index (OSI), an indicator of degree of oxidative 
RESULTS
There were no significant differences in terms of baseline clinical characteristics or laboratory parameters between the 2 groups (Table 1) . Fifty-two percent of the patients in atorvastatin group and 42% of the patients in rosuvastatin group used clopidogrel (p=0.464). Table 2 illustrates comparison of effects of atorvastatin and rosuvastatin on lipid parameters after 4-week treatment. Serum levels of total cholesterol, LDL-C, and non-HDL cholesterol were significantly lower with atorvastatin and rosuvastatin treatment. Actual difference in these cholesterol levels was similar in both groups. HDL-C level was significantly lower in atorvastatin group (p=0.002), and slight increase in rosuvastatin group was not significant (p=0.630). Actual difference in HDL-C level was significantly different (p=0.012). Unlike cholesterol levels, there was no significant change in triglyceride level in either group. TOS and OSI were significantly lower, and PON-1 activity was significantly higher in both groups (Table 3) . No statistically significant differences were found between atorvastatin and rosuvastatin in terms of actual difference in TOS, OSI, or PON-1 activity. There was no significant change in TAS or ARE activity in the groups.
DISCUSSION
Oxidative stress is defined circumstances when production of ROS exceeds capacity of endogenous antioxidant systems. Ischemic-reperfusion injury in AMI causes increase in ROS, leading to enhancement of oxidative stress and induction of cardiomyocyte stress. To TAS in mmol Trolox equivalent/L was converted to μmol Trolox equivalent/L, after which OSI was calculated as follows: OSI = [(TOS, μmol H 2 O 2 Eq/L)/(TAS, μmol Trolox Eq/L) × 100]. [11] The results were expressed as arbitrary units.
Measurement of serum paraoxonase-1 and arylesterase activities
Serum PON-1 and ARE activities were measured using Beckman Coulter AU680 instrument and commercial assay reagents. PON-1 activity measurements were performed in the absence (basal activity) and presence of sodium chloride (salt-stimulated activity). Rate of paraoxon hydrolysis (diethyl-p-nitrophenylphosphate) was measured by monitoring increase in absorbance at 412 nm at 37°C. Quantity of generated p-nitrophenol was calculated from molar absorptivity coefficient at pH of 8.5, which was 18,290 M−1 cm−1. [12] Phenylacetate was used as substrate to measure ARE activity. Enzymatic activity was calculated from molar absorptivity coefficient of phenol produced, 1310 M−1 cm−1. One unit of ARE activity was defined as 1 μmol phenol generated/minute under the above conditions. [13] PON-1 and ARE activities were expressed as unit/L.
Measurement of other biochemical parameters
Complete blood cell count was analyzed in whole blood sample, collected in dipotassium ethylene diamine tetra-acetic acid tubes. Blood cell count was analyzed using Beckman Coulter LH 780 Gen-S automated hematology instrument (Beckman Coulter, Inc., Brea, CA, USA) and original reagents. Routine biochemical parameters were measured in the serum samples on day blood was collected, without storage. Serum glucose, creatinine, total cholesterol, HDL-C, LDL-C, triglyceride, and C-reactive protein levels were measured using Beckman Coulter AU680 instrument with original reagents. Non-HDL cholesterol was calculated by subtracting HDL-C from total cholesterol.
Statistical analysis
Normal distributions of continuous variables were evaluated using Kolmogorov-Smirnov test. Results with normal distribution were expressed as mean±SD, while data with non-normal distribution were expressed as median with interquartile range (25 th /75 th percentiles) for continuous variables. Categorical apoptosis/death. In AMI, not only is oxidative stress increased, but antioxidant system, which includes enzymes such as superoxide dismutase and glutathione peroxidase that combat free radicals, is also altered. [14] Furthermore, oxidative stress plays an important role in pathogenesis of major adverse cardiac and cerebrovascular events after primary PCI. Therefore, antioxidative strategies have long been proposed as promising therapy for myocardial damage in AMI patients. Serial changes in antioxidant capacity may serve as predictive marker for CV events after ST elevation MI. [15] Statin therapy has demonstrated its efficacy in reducing CV mortality in primary and secondary intervention trials. [16] Several studies have shown that statins reduce oxidative stress by decreasing vascular ROS production independent of cholesterol reduction in various patient groups. Sposito et al. demonstrated that timing and potency of statin treatment during AMI are key elements for main mechanisms of benefit. [17] Liang et al. reported that administration of loading-dose rosuvastatin in patients with AMI prior to PCI exerted myocardial protection by inhibiting oxidative stress. [18] These 2 studies showed that antiinflammatory and antioxidant effects of statins begin in days, and even hours, after AMI. Therefore, we thought that 4-week treatment period was sufficient to compare effects of statins on oxidative status.
An inverse association exists between plasma HDL-C levels and risk for coronary artery disease. HDL-C has antioxidant and anti-inflammatory activities. [19] HDL-C promotes efflux of cholesterol from foam cells, prevents oxidation of LDL-C, and inhibits expression of pro-inflammatory cytokines by macrophages, as well as expression of adhesion molecules by endothelial cells. [20] Antioxidant properties of HDL-C may be due in part to activity of HDLassociated enzymes, such as PON-1. Human serum PON-1 and ARE are both esterase enzymes that have lipophilic antioxidant characteristics, and statin ther- and maintain functional integrity. Therefore, separate identification of TAS and TOS levels may be insufficient to reflect stress status. OSI is the most significant parameter used to reflect oxidative stress status. To the best of our knowledge, this is the first clinical trial to compare effects of atorvastatin and rosuvastatin on oxidative stress status in patients with AMI and no difference was noted between atorvastatin and rosuvastatin at the conclusion of 4 weeks. TOS and OSI were similarly reduced with atorvastatin and rosuvastatin, but TAS was not altered in either group.
Another result of our study was finding that atorvastatin and rosuvastatin reduced total cholesterol by similar amount. This result contradicts previous studies. [26, 27] On the other hand, after 4-week treatment with atorvastatin, HDL-C level was significantly lower. In a study that compared efficacy of rosuvastatin with that of atorvastatin in decreasing LDL-C in patients with acute coronary syndrome, HDL-C decreased by 1.3% with 80 mg atorvastatin, whereas 8.1% increase was observed with 40 mg rosuvastatin at week 2.
[28] At weeks 6 and 12, HDL-C had increased in both groups. These results show that atorvastatin has short-term, reversible HDL-C lowering effect at the beginning of apy is associated with significant elevation in PON-1 activities. [21] Rosuvastatin has beneficial effect on oxidative stress in patients with metabolic syndrome. [22] In dyslipidemic patients, atorvastatin treatment increased plasma total antioxidant capacity, decreased level of oxidative stress, and increased PON activity, especially in patients with HDL-C level above 35 mg/dL. [23, 24] Lovastatin exerts antioxidant effect in hemodialyzed patients. [25] There might be certain differences in effects of lipophilic and hydrophilic statins and association with oxidative stress levels in AMI patients. Therefore, we investigated oxidative stress status in AMI patients with lipophilic atorvastatin and hydrophilic rosuvastatin. In order to determine oxidative stress, TOS level, which reflects total quantity of ROS in the body, was assessed. By measuring TOS level, numerous oxidative stress products in the serum were determined, such as reactive nitrogen types, hydrochloric acid, malonyldialdehyde, and lipid peroxides. [10] In this study, TAS was used to measure sum of antioxidant molecules. When oxidative products increase dramatically, production of antioxidant protection systems also increases accordingly in order to try Result of this study will provide very important information about effects of these antiaggregants on oxidative and inflammatory stress. We believe that, regardless of effects of clopidogrel and ticagrelor on oxidative stress, results of our study would not be affected due to similar rate of use of these 2 antiaggregants in both statin groups.
Limitations
The main limitation of our study is the small number of patients enrolled. Second, evaluation of changes in specific ROS could provide better assessment of effects of statins on oxidative status. Wide age range of study population is another limitation of our study. It would be more appropriate to select patients from similar age groups, as oxidative status may change with age. Finally, changes in inflammatory markers and their relationships with oxidative stress parameters were not evaluated in the present study.
In conclusion, results of our study indicated that atorvastatin and rosuvastatin had similar effect on oxidative status in patients with AMI at 4-week followup. They improved activity of PON-1 and reduced TOS similarly. Rosuvastatin affected HDL-C level treatment. Despite HDL-C reduction with atorvastatin treatment, HDL-linked antioxidant enzyme-PON1activities increased in both atorvastatin and rosuvastatin groups. PON-1 activity enhancer effect of atorvastatin is independent of alteration in HDL-C level.
ARE activity represents one of the antioxidant enzymatic activities of PON-1 enzyme, which has important role in modulating oxidative stress and in protection from CV disease. [29] In our study, increases in serum ARE activities in atorvastatin and rosuvastatin groups were observed, but did not reach statistical significance.
Positive effect of clopidogrel on endothelial function has been demonstrated in previous studies. [30] However, results of studies investigating effects of clopidogrel on oxidative stress are contradictory. [31, 32] Impact of ticagrelor on endothelial function and oxidative stress is unknown, and no study to date has compared the 2 antiaggregant drugs in randomized, blinded fashion. Schnorbus et al. designed a study to test effect of clopidogrel, prasugrel, and ticagrelor on multiple parameters of vascular function, platelet aggregation, oxidative and inflammatory stress before and up to 4 weeks after coronary artery stenting. [33] 
